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Abstract—This paper describes a rare occurrence of nontronite associated with sulfide-bearing felsic
metavolcanics, providing evidence of colloidal deposition in open spaces as result of a low-temperature
water-rock interaction. Microbotryoidal masses of green nontronite with impurities of kaolinite, illite,
barite, amorphous silica and iron oxyhydroxides are found as vein and cavity fillings in deeply kaolinized
thyolites and rhyolitic tuffs of Precambrian age, at @liva de Mérida in SW Spain. Clay mineral
characterization has been carried out by X-ray diffraction, infrared spectroscopy, thermal analysis,
analytical electron microscopy and stable isotope (oxygen and hydrogen) analysis. Nontronite was formed
under low-temperature alteration conditions, from a continuous sequence of reactions and aqueous solution
compositions, involving two basic processes that acted in concert: oxidative dissolution of pyrite and
hydrolysis of K-feldspar. After acidity neutralization, dissolved silica released by incongruent dissolution
of K-feldspar reacted with ferric sulfate derived from pyrite oxidation to form nontronite under oxidizing
conditions, in the presence of relatively warm meteoric water.
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INTRODPUCTION

Nentrenite is a 2:1 swelling phyllesilicate in which
tetrahedral sites are predeminantly eccupicd by Si
catiens, but seme replacement of Si by Al and Fe**
can eccur, whereas mest of the ectahedral sites are filled
by Fe*' (>1.0 catien per half unit-cell accerding te
Giiven, 1988), with miner ameunts ef Al. Thus, the
general structural fermula fer nentrenite can be written
as fellews: M. [Sig . ,Al Fe}"][Fei*.AL]®20
(®H), nH,®, where M refers te exchangeable interlayer
catiens. Nentrenite is regarded, therefere, as the ferric
end-member of diectahedral smectites. Betails en its
structure and crystal chemistry are given in Giiven
(1988) and references therein.

Altheugh nentrenite has been studied extensively, it
centinues te attract a high level of research interest,
especially fer interplanetary life. Indeed, this ferric
smectite is relevant te the search for life en planets like
Mars, ewing te its high Fe centent and because it can be
a petential seurce of water (Frest ez al., 2002).

In terrestrial envirenments nentrenite is net abun-
dant. Hewever, it is cemmen In beth eceanic and
centinental envirenments and eften eccurs as an
authigenic clay mineral in recent submarine sediments,
fermed by direct precipitatien frem hydrethermal fluids
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discharged frem active sca-fleer spreading centres
(Keeling et al., 2000). Fer instance, it is a typical clay
mineral of deep-sea sediments frem marine white
smeker chimneys eof the Red Sea, Galapages rift,
Mariana treugh, and Juan de Fuca ridge, ameng ether
hydrethermal systems (Cele and Shaw, 1983; Murnane
and Clague, 1983; Singer et al., 1984; Singer and
Steffers, 1987; Kéhler et al., 1994). In this eceanic
envirenment, nentrenite eccurs net enly near hydre-
thermal vent epenings, but alse en the sca-fleer by
alteratien eof glassy balsaltic lava flews, as well as
micrebially-mediated lew-temperature reactien eof iren
exyhydrexides with silica (Juniper and Tebe, 1995;
Ueshima and Tazaki, 2001).

Under supergene cenditiens, nentrenite is a cemmen
weathering preduct of basalts and ultramafic recks (e.g.
Bender-Kech et al, 1995). It is alse feund in highly
weathered metamerphic recks, such as schists, gneisses
and amphibelites (Keeling et al., 2000). Mercever, it has
been reperted in felsic velcanics either as an alteratien
preduct ef Fe-rich silicates (Shenk and Armbruster,
1985), er areund reetless fumareles by leaching and
disselutien ef rhyelitic ignimbrites (Reyes and Read,
2002).

In this paper we describe a new eccurrence ef
nentrenite in Spain which is asseciated with sulfide-
bearing felsic velcane-sedimentary recks. We suggest a
medec] of nentrenite fermatien in these exetic parent
recks based en mineralegical and geechemical data,
tegether with field and petregraphic ebservatiens.



GEOLOGICAL SETTING

Nontronite occurrences are located near Oliva de
Mérida, ~20 km to the SE from the roman city of
Meérida, in the province of Badajoz (SW Spain). From a
geological standpoint, the mineralization is found in
association with a volcano-sedimentary sequence of
Middle-Upper Riphean age (Figure 1), at the
Precambrian basement of the Ossa-Morena Zone, in
the SW margin of the Iberian Massif (Gibbons and
Moreno, 2002).

The volcano-sedimentary sequence is a succession of
predominantly felsic metavolcanics (volumetrically,
rhyolites are the most abundant) and volcanoclastic
rocks (mainly rhyolitic tuffs and tuffaceous shales)
interbedded with metasediments (schists, quartzites and
pelitic gneisses), mafic metavolcanics and amphibolites.
Volcanic-hosted disseminated pyrite appears within the
volcano-sedimentary package, in close spatial relation-
ship to the felsic rocks. Supergene weathering oxidized
the sulfides forming numerous goethite concretions and
abundant ferruginous surface coatings.

According to IGME (1988), the Precambrian materials
constitute the core of the Oliva de Mérida anticlinorium,

and form part of the Tentudia-Montemolin series (Eguiluz
et al., 1984), belonging to the Alange Unit of the Obejo-
Valsequillo-Puebla de la Reina domain. All these rocks
were affected by Cadomian tectonothermal events
(Quesada, 1990) and later they were deformed and
metamorphosed during the Variscan orogeny.

MATERIALS AND ANALYTICAL METHODS

A cm-scale grid was used to collect clayey samples
from the outcrop examined in the field (section A-B in
Figure 1). In addition, a series of representative samples
of the host rocks was collected for petrographic analysis.

Mineralogical characterization was performed using a
combination of analytical methods including trans-
mitted-light optical microscopy, X-ray diffraction
(XRD), Fourier transform infrared spectroscopy
(FTIR), differential thermal and thermogravimetric
analysis (DTA-TGA), scanning electron microscopy
(SEM), energy dispersive X-ray spectroscopy (EDS),
and stable isotope (oxygen and hydrogen) analysis.

X-ray diffraction was used to determine the bulk
composition of the samples, after gentle grinding and
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Figure 1. Generalized geological map of the Oliva de Mérida area depicting a section with the nontronite occurrences within a

volcano-sedimentary sequence of Middle—Upper Riphean age.



hemegenizatien te <53 um. Fer clay mineral identifica-
tien, carefully hand-picked samples were disageregated
in an ulwasenic bath. Frem these samples, eriented
aggregates of the <2 um size fractien were ebtained by
sedimentatien frem an aqueeus suspensien, pipetted ente
glass slides and dried. The eriented films were selvated
with ethylene glycel and subjected te thermal weamment
at 550°C fer 2 h (Meere and Reynelds, 1997). The XR®
patterns of randem pewders and eriented aggregates
were cellected using Ni-filtered CuKa radiatien with a
Siemens B508 pewder diffractemeter equipped with a
graphite menechremater. The XRIB patterns were
recerded with a micrecemputer using the Siemens
S@CABIM Biffract AT3.3 seftware.

The IR abserbance specwa were recerded in the
middle IR regien (specwal range between 408 and
4000 cm ') en a Nicelet, 20SXC FTIR spectremeter,
using pressed pellets centaining 3 mg eof sample and
308 mg KBr. The BTA-TGA curves were ebtained with
a Seike 320U inswument eperating at a heating rate
censtant ef, 20°C/min, frem ambient temperature (25°C)
te 10008°C, in a static air anesphere.

Fragments of each sample were meunted en stubs,
ceated with carben, and examined by SEM in secendary
electren mede in a Jeol JSM-541¢ micrescepe, eperated
at an accelerating veltage eof 15 kV. @Quantitative
chemical analyses were ebtained by means eof an
@xford Link system energy dispersive X-ray (EBS)
analyzer ceupled te the micrescepe.

The isetepic analyses were perfermed at the Stable
Isetepe Laberatery ef Salamanca University, using a
SIRA series K spectremeter frem VG Isetech. @xygen
was extracted fellewing Clayten and Mayeda’s (1963)
technique by reactien with ClF; (Berthwick and
Harmen, 1982). Hydregen was exwacted fellewing the
precedures of Gedfrey (1962).

FIEL® ANB PETRO@GRAPHIC RELATI@NSHIPS

The nentrenite eccurrences display a clear epigenetic
relationship te perphyritic felsic recks centaining phene-
crysts of quartz and K-feldspar (sanidine) enclesed in a
glassy greundmass, eften shewing perlitic cracks.
Suberdinate ameunts ef sedic plagieclase, muscevite
and rutile are alse present, and numereus scattered
crystals of exidized pyrite eccur lecally in the rhyelitic
matrix (Figure 2a). The felsic velcanics are embedded
within a velcane-sedimentary framewerk mn which fine-
grained rhyelitic tuffs and a sequence ef predeminantly
sulfide-bearing black schists and quartzites can be
distinguished. Likewise, all these recks shew field and
pewegraphic evidence eof extensive sulfide exidizatien,
such as veins and bands ef mixed iren exy-hydrexides and
hematite pseudemerpheus after pyrite crystals (Figure 3).

Bright apple green clayey material with a massive
appearance eccurs tegether with dendritic aggregates of
iren exyhydrexides as surface ceatings aleng the sides of

fissures (Figure 2b). Mest of the mineralized fractures
are eriented subvertically fellewing the regienal fractur-
ing wend (mainly NS@*E and NI135°E). Furthermere,
small masses of green clay, up te several dm thick, are
feund as veins, patches and cavity fillings in deeply
kaelinized rhyelitic tuffs (Figure 2¢). These felsic recks
are the main hest te the mineralizatien, altheugh the
distributien ef minerals is cenwelled by fracturing.

GENERAL CHARACTERIZATI®N
RD

The green clays are cempesed eof virtually pure
smectite (Figure 4). The patterns of the eriented

Figure 2. Field evidence ef iren-sulfide exidatien inrhyelite (a) and
types of eccurrences of the greenish nentrenite: (b) nentrenite and
iren exy-hydrexides ceating fissure surfaces in rhyelite; () massive
nentenite infilling cavides in highly kaelinized rhyelite.



Figure 3. SEM-BSE image showing dissolved crystals of pyrite
partially replaced by hematite in quartz-schist.

aggregates are similar and show a sharp and strong 001
reflection at ~14 A in the air-dried mounts that shifted to
~16.6 A after ethylene glycol solvation, and to ~9.6 A
after heating at 550°C, indicating the presence of a
highly crystalline smectite (Biscaye index =
0.954—-0.992). The smectite contains a double layer of
water molecules and exchangeable divalent cations in
the interlayer space.

The by parameter values (9.048—9.096 10\) derived
from the position of the 060 reflection in the non-
oriented powder XRD patterns are within the dioctahe-
dral range of smectites. Brigatti (1983) and Koster et al.
(1999) observed a linear correlation between the b unit-
cell dimension of dioctahedral smectites and the total
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Figure 4. Typical XRD patterns for the oriented clay fraction of
the Oliva de Mérida nontronite.
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Figure 5. Nontronite b unit-cell dimension as measured by XRD
vs. octahedral Fe content. Regression line established by
Brigatti (1983).

number of Fe>™ ions in octahedral sites. Accordingly, the
measured b, values plotted on the line of regression
fitted in Figure 5, are consistent with an octahedral Fe
content >1.0 atom per half unit-cell. The smectite can be
regarded, therefore, as a true nontronite on the basis of
Giiven’s (1988) classification scheme for dioctahedral
smectites.

Infrared spectral analysis

A typical IR absorbance spectrum of the nontronite
(Figure 6) is characterized by two broad bands in the
OH-stretching region, centered at ~3560 and 3420 cm™".
The first absorption band is attributed to Fe**—OH—Fe**
vibrations indicating an Fe-rich smectite while the
second is typically due to water (Petit et al, 2002). A
strong Si—O stretching band appears at 1021 cm™'. The
position of this band reflects little or no sustitution of Si
by Fe*" in the tetrahedral sheets (Goodman et al., 1976).
In the OH-bending region, three weak bands were
observed at 864, 814 and 678 cm™!, which can be
assigned to the Fe*"Fe*"(OH) unit of nontronite (Russell
and Fraser, 1994; Koster et al., 1999).

Thermal analysis

The DTA-TGA pattern shown in Figure 7 illustrates
the thermal decomposition of a typical nontronite
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Figure 6. IR spectrum of Oliva de Mérida nontronite.



sample. The first endothermic peak was observed at
90°C, and it is attributed to the loss of adsorbed water.
As a result of the water desorption, a loss of 13.4% in
weight occurred. The dehydroxylation endothermic
effect took place at 470°C, and the weight loss during
the dehydroxylation process was 5%. The analyses show
that the nontronite from Oliva de Mérida has a thermal
behavior similar to, but less complex than, nontronite
described at other localities (Ding and Frost, 2002),
although the less complex pattern could be a conse-
quence of different heating ratios. For instance, Ding and
Frost (2002) carried out the controlled rate thermal
analysis operating at much slower heating rate (2°C),
thus obtaining two overlapping dehydroxylation steps.

The observed dehydroxylation temperature is consis-
tent with the measured b unit-cell dimension (Figure 8),
and also with the Fe content inferred by XRD, according
to the regression equation given by Brigatti (1983).

Analytical scanning electron microscopy

The SEM images (Figure 9) show that massive
nontronite is generally formed by microcrystalline
aggregates consisting of lath-shaped crystals that often
split into fine fiber-like particles (Figure 9a). Ribbons
and delicate filaments of nontronite were also observed.
The most conspicuous feature is the occurrence of
globular or spherulitic aggregates forming a micro-
botryoidal texture (Figure 9b). The spherulites
(150—200 pm in diameter) are made up of fibrous
nontronite crystals (up to 100 pm in length) radiating
from a common core.

Although the nontronite samples are nearly mono-
mineralic, some ancillary phases were identified by
SEM-EDS, such as kaolinite, which usually occurs as
lath-like particles within the core of the spherulites
(Figure 9c), mica, quartz, feldspars, poorly crystalline
iron oxy-hydroxides, amorphous silica and clustered
cuhedral crystals of barite (Figure 9d).

In order to approximate the chemical composition of
the smectite, chemical analyses by EDS were obtained
from selected individual particles. The number of ions
was calculated on the basis of 24 anions per formula
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Figure 7. DTA-TGA diagram showing the endothermic reac-
tions and weight loss found for the Oliva de Mérida nontronite.

from the weight percentages of the major constituent
oxides, which were obtained by converting the X-ray
spectrum to a quantitative analysis, making appropriate
corrections (quantitative method ZAF). The results
confirmed the nontronitic character of the smectites the
number of measured Fe" ions being ~1.5 per half unit-
cell. Nevertheless, taking into account the Fe/Fe+Al+Mg
ratio (Figure 10), as derived from the number of ions
calculation, significant compositional variations can be
inferred within the ferric member of the beidellite—
nontronite series. Minor amounts of Ca (<1 wt.% CaO),
as detected by SEM-EDS, are present as exchangeable
cation in the interlayer space, as previously deduced by
XRD.

Stable isotope analysis

The stable isotope ratios of hydrogen (D/H) and
oxygen (1°0/'80) of a representative nontronite sample
are —85.7 and +16.3%o, respectively, relative to SMOW.
It can be assumed that nontronite has retained its original
isotopic composition because no post-formational pro-
cess is evident from field and petrographic relations. As
shown in Figure 11, the 8D value plotted against the 50O
value depicts a point in the supergene field (on the right
of the S/H line), close to the kaolinite line, thus
indicating that the nontronite mineralization was formed
in equilibrium with meteoric waters (Sheppard and Gilg,
1996).

Clay minerals in low-temperature environments
record the 8D and 80 values and temperature of the
waters from which they formed because isotopic
exchange rates are very slow (Kyser, 1987).

The oxygen isotope composition of water with which
nontronite formed under equilibrium conditions can be
calculated from the following equation, derived by
Delgado and Reyes (1996):
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(1233804, — 1.548Dg,, + 252.2)'72
9.10 -
_ 9.06 A
=
e
‘:5’) 't'ie'-'ﬁ,u
g 9.00 e
g D i g
a. ehydroxylation r\\o
S temperature H'“'\,_f_g__
measured by DTA -\.._':'L
470°C
8.90 1 i 1
425 475 525 575 575

Dehydroxylation temperature (°C)

Figure 8. Dehydroxylation temperature of nontronite as
determined by DTA vs. b unit-cell dimension. Regression
equation proposed by Brigatti (1983).



Figure 9. SEM-BSE images of nontronite samples showing: (a) lath-shaped crystals splitting into fine fiber-like morphologies;
(b) spherulitic aggregates forming a microbotryoidal texture; (c) kaolinite pockets within the spherulites; (d) euhedral crystals of

barite disseminated in the nontronite clays.
In this case, the 60 value obtained for the water is

—4.9%o. Taking into account that hydrogen and oxygen
isotope compositions of the meteoric water are corre-
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Figure 10. Projection on smectite compositional diagram
(Giiven, 1988) of the atomic proportions of Fe, Al and Mg
obtained from selected chemical analyses performed by SEM-
EDS on individual nontronite crystals.

lated by means of the global meteoric water line
equation (Craig, 1961):
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Figure 11. Hydrogen and oxygen isotope ratios of a representa-
tive nontronite sample and calculated isotope composition of
water in equilibrium with nontronite. The meteoric water line
(Craig, 1961), kaolinite weathering line (Savin and Epstein,
1970) and supergene/hypogene (S/H) line are given for
reference.



the 6B value calculated for the water is —29.2%0. The
results are in the range ef thesc eof the present-day
rainwater values (Alley and Cuffey, 2001).

Lastly, in erder te censtrain the temperature eof
nentrenite fermatien, we have used the cquatien derived
by Beclgade and Reyes (1996) fer smectite which
eriginated in epen systems with high water-reck raties
and relatively lew temperatures:

3545 10°T 2 — 5@um — 0.1255D ., + 8.95

thus ebtaining a temperature of ~40°C. Accerdingly, the
nentrenite mineralizatien was fermed frem the weathering
of the felsic metavelcanics under lew-temperature altera-
tien cenditiens. The age of weathering is uncertain because
the Precambrian basement in SW Spain has been expesed
te surface cenditiens since Late Carbenifereus times.

NONTRONITE FORMATION

Three basic stages can be prepesed in the nentrenite
fermatien precess: (1) exidatien ef pyrite and generatien
of acidic waters; (2) hydrelysis of K-feldspar and acid
neutralizatien, and (3) precipitatien ef nentrenite.

Stage I: oxidative dissolution of pyrite and acid
generation

@xidative disselutien of the pyrite hested in the felsic
metavelcanics and black schists teek place during the
weathering in the presence of meteeric water and excess
of free exygen, threugh the reactien:

2FeS, + 7@, + 2H,® — 2Fe’" + 4S@; + 4H" (1)

preducing acid (twe meles of H' by exidatien ef enc
mele ef pyrite) and leading te an increase in the
chemical activities of S and Fe species in the aqueeus
selutien. Because of the lewering of pH, Fe?* was
exidized te Fe** accerding te the reactien:

Fe?™ + %0, + HY — Fe* + BH,0 ()

thus accelerating the pyrite exidatien rate because ferric
Fe replaces exygen as an exidizing agent. In fact, the
ebserved pyrite exidatien rate in the laberatery ranges
between 1.08x 10 “and 1.8x 10 “melcm s ', but
these rates can be increased by abeut 100 times in the
presence eof ferric iren in selutien (Nichelsen, 1994).

An assesment ef acid generatien ef the sulfide-
bearing felsic recks can be made fellewing Paktunc’s
(1999) appreach:

N W, X,
=——X
W,

AP 10

where AP is the acid petential ef recks, N; is the number
of meles of sulfuric acid fermed by the exidatien ef
1 mele of pyrite, 7', is the melecular weight of sulfuric
acid, JT; is the melecular weight ef pyrite, and X is the
percentage of pyrite in the recks. Censidering that the
felsic metavelcanics centain 5% ef pyrite en average,

the acid petential was ~82 kg of sulfuric acid equiva-
lents per ten, which represent the velume eof acid
preduced by the pyrite exidatien.

Stage II: hydrolysis of alkali feldspar and acid

neutralization

As mentiened previeusly, the masses of nentrenite
are feund in deeply kaelinized rhyelites and rhyelitic
tuffs suggesting that hydrelysis ef K-feldspar eccurred
as result of acid reck drainage. Fer simplicity, the water-
reck interactien precess can be described by incengruent
disselutien ef the K-feldspar te ferm kaelinite under
acidic cenditiens, via the reactien:

2KAISi @z + H,S@, + 9H,® —
AL Si, ®;(@H), + 4H,Si@, + 2K* + S@3 3)

Mere silica is present in the K-feldspar structure than
is neceded te ferm kaelinite, therefere seme silica
remains disselved in the aqueceus selutien, tegether
with K and sulfate iens.

Altheugh the disselutien kinetics of K-feldspar are
very slew (Blum and Stillings, 1995), the hydrelysis
reactien censumed acid and became an impertant
neutralizatien mechanism eof the acidic water (twe
meles of K-feldspar were necessary te neutralize ene
mele of sulfuric acid). Wespite their leng-term buffering
capacity, the felsic metavelcanics were alkaline eneugh
te neutralize the acidity ef the selutiens, as determined
en the basis ef the net neutralizing petential (Paktunc,
1999).

The neutralizing petential (N?) can be calculated by:

_ Walk;

NP =
N; W,

x 10

where JI’, is the melecular weight eof sulfuric acid, X; is
the percentage of K-feldspar in the felsic recks, N is the
number of meles of K-feldspar required te censume ene
mele of sulfuric acid, and J7’; is the melecular weight of
the K-feldspar. Assuming that K-feldspar is by far the
mest abundant neutralizing phase in the felsic metavel-
canics (60% en average), the bulk neutralizing petential
calculated with this appreach is ~105 kg ef sulfuric acid
cquivalent per ten.

Since the net neutralizatien petential (NNP), i.e. the
balance between NP and AP, is pesitive (NNP = 10582
= 23 kg/ten), it can be cencluded that the acidic selutien
was neutralized by the disselutien ef the K-feldspar.

Stage IlI: precipitation of nontronite

The cembined reactien ef acid generatien by pyrite
exidatien and neutralizatien ef the acidic selutien by
K-feldspar disselutien premeted a suitable envirenment
fer nentrenite fermatien.

The majer chemical species disselved in the acidic
agueeus selutien frem the abeve reactiens were Fe’*,
K', S® and silica. After acidity neutralizatien, the
disselved silica reacted with ferric sulfate derived frem



the pyrite exidatien te ferm nentrenite under exidizing
cenditiens. This reactien can be written as fellews:

2(S@,)sFe; + 8Si@, + $H,@ —
Fe,Sis®o(OH), + 6H,S@, @)

Significant cencentratiens of Al*" may be disselved

in acidic (pH <4) aqueeus selutiens during the weath-
ering (e.g. Huang and Keller, 1972). It can be assumed
therefere that seme of the AI** disselved in the acidic
aqueeus selutien was incerperated in the nentrenite after
acidity neutralizatien.

The velume eof nentrenite mineralizatien was cen-
trelled by the abundance of pyrite eriginally centained in
the felsicrecks, and the extent of K-feldspar disselution.
The disselutien rate of the feldspar presumably deter-
mined the rate of the everall nentrenite fermatien
precess.

It must be emphasized that nentrenite started te
precipitate ence the acidic water was neutralized. Harder
(1976) demenstrated frem laberatery synthesis experi-
ments that nentrenite precipitatien is achieved at surface
temperatures with a pH >6. Similarly, accempanying
phases such as Fe exyhydrexides, amerpheus silica and
illite were fermed by way ef the fellewing reactiens:

Fe’* + 2H,® — Fe@@H + 3H" (5)
H,Si®@, — Si®, (amorphous silica) + 2H,® 6)
K* + 3A1%" + 3H,Si@, — KALSi; @ o(®H), + 16H" (7)

With respect te the eccurrence of authigenic barite in
the green clays, since Ba is a cemmen miner element in
the K-feldspar structure (e.g. Beer et al., 1992), it can be
readily explained by reactien ef disselved sulfate with
Ba jens relecascd inte selutien frem the feldspar
hydrelysis.

The celleferm texture suggests that nentrenite was
depesited in fissures and epen spaces, as a celleidal gel
frem a percelating supersaturated fluid, and it develeped
inte larger and mere erdered crystals with time. Hence,
the structural discentinuities and ether discrete path-
flews eof the felsic reck acted as channelways feor
relatively warm meteeric water aleng fault zenes. The
fermatien temperature (~40°C) suggestcd by exygen
isetepe cempesitien is censistent with that ef ether
nentrenites fermed under lew-temperature alteratien
cenditiens (<70°C) in beth centinental and eceanic
envirenments (Késter et al., 1999).

The abeve genetic interpretation is based net enly en
the field, mineralegical and geechemical data presented
here, but it is alse supperted by the experimental results
of Becarreau et al. (1987) and Mizutani et al. (1991)
whe synthesized nentrenite frem silica gels and iren
sulfate under exidizing cenditiens.

CONCLUSI®NS

The Precambrian sulfide-bearing felsic metavelcanics
of the @liva de Mérida underwent a lew-temperature

water-reck interactien precess, resulting in cemplete
exidatien ef pyrite and subsequent precipitatien ef
nentrenite threugh a sequence of reactien preducts and
aqueeus selutien cempesitiens. The nentrenite ferma-
tien precess can be summarized as fellews: (1) preduc-
tien of acidic agqueceus selutien frem interactien ef
meteeric water with sulfide-bearing felsic recks; (2) dis-
selutien eof K-feldspar under the influx of acidic waters,
release of catiens and acidity neutralizatien; (3) nen-
trenite precipitatien threugh fissures eof the felsic
metavecanics frem disselved cempenents in selutien,
after acidity neutralizatien.
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